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Success of integrating annual forages into crop and livestock systems throughout
Nebraska may be variable depending on field location, field/forage crop management,
and precipitation. There are many different warm- and cool-season annual forage species
available for integrating crop and livestock systems at different times of the year.
Mixtures of cereal species, such as oats (Avena sativa)) and spring peas (Pisum sativum)),
are often used to optimize forage quantity and forage quality. Our two-year, three
location study across Nebraska’s precipitation gradient suggested that forage quantity and
quality may vary by location due to different precipitation amounts received during the
spring growing season. Data also suggested, that in low rainfall environments, including
spring peas with oats did not always increase crude protein levels in forages produced.
However, this was more likely to occur in higher precipitation areas. If this is the case,
the elevated seed cost due to the addition of spring peas may be unwarranted in low
precipitation environments with lower forage production. No mixture of oats and spring
peas produced significantly more biomass than an oats monoculture. This suggested that
if the primary goal was biomass production, adding spring peas may be unnecessary.
Data collected from different farms using annual forages for grazing throughout
Nebraska suggests that annual grasses, when included in annual forage seed mixtures,
will almost always be the greatest producers of biomass compared with other functional

groups (i.e., legumes, brassicas, and other). Harvest efficiency of grazing animals was
affected by the large amounts of biomass production from annual forages. Our data
suggested that harvest efficiency levels may often be low (17-41%), resulting in large
amounts of biomass being left within the field as standing biomass or trampled residue.
Producers within the study felt that grazing annual forages was economical, but a number
of variables may affect forage biomass which is a key factor in the economic
sustainability and ecological benefit of including annual forages in integrated crop and
livestock systems.
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CHAPTER 1
LITERATURE REVIEW
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Introduction
The value of cover crops has long been studied for potential benefits within
cropping systems (Odland and Knoblauch, 1938). Historically, cover crops were not
harvested and grown for the sole purpose of covering the ground between cash crop
growing seasons. However, producers began utilizing cover crops for multiple purposes
(i.e, grazing, weed suppression, etc) rather than a single purpose (i.e., ground cover for
soil erosion control) (Gardner and Faulkner, 1991; Franzluebbers and Stuedemann,
2015). Cover crops provide a variety of benefits for the soil and farms as a whole (Lal et
al., 1991; Entz et al., 2002). When producers graze cover crops these crops do not truly
fall under the original definition of a “cover crop”, even though grazing may not fully
negate the value of the crop for ground cover as long as adequate residue remains post
grazing (Blanco-Canqui et al., 2015). When crops are used as forage between cash crop
growing seasons or within any crop rotation they are typically described as “annual
forages”.
Research has identified several benefits of including cover crops within cropping
systems. However, some landowners are hesitant about cover crops on their operation
because of the economic feasibility of cover crops, lack of precipitation in water-limited
environments, and a potential reduction in income from the influence of previous cover
crops on current year cash crops (Snapp et al., 2005; Holman et al., 2018). Additionally,
landowner inexperience on cover crop management or the variability of benefits between
fields and the longer-term nature of some benefits may deter some crop producers from
utilizing cover crops (Blanco-Canqui et al., 2015).
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In some situations, including an annual forage within a cropping system may
provide a financial incentive of grazing or haying to help off-set the cost of the cover
crop. An integrated crop-livestock approach could potentially help reduce the economic
burden of a true cover crop by diversifying the operation, supplying extra forage, and
allowing time for perennial pastures to rest (Titlow et al., 2012; Titlow et al., 2014).
Monoculture Versus Mixture
Selecting a cover crop or annual forage can be difficult when the goals and
objectives are to obtain multiple ecosystem services in the same planting. It is important
to remember that a single cover crop species can serve multiple functions, but different
species are better suited for defined functions because of specific plant characteristics
(i.e. large tap rooted brassica species for reducing compaction versus flowering species
for pollinator habitat) (Blanco-Canqui et al., 2015). When planting a diverse mixture,
competition between species may result in the more aggressive species outcompeting
other species and limiting their presence in the total plant production (Anderson, 2016).
Thus, limiting their ability to provide adequate benefit to the mixture.
The goal of annual forage production is often to optimize the quantity and quality
of forage for the specific forage needs of livestock. Mixtures of different annual forages
can potentially provide “over yielding” and “transgressive over yielding” compared to
monocultures, but this is often variable. Schmid et al., (2008) describes over yielding as a
mixture that produces greater biomass than the average of the monocultures of the
species within the mixture. Transgressive over yielding occurs when the mixture
produces greater biomass than the most productive monoculture (Schmid et al., 2008).
Transgressive over yielding is the best estimate when considering biomass production
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because it is a comparison of the biomass produced by a mixture compared to the
biomass produced by the most productive monoculture as opposed to comparing an
average to a true total production. With transgressive over yielding, a better comparison
is provided among mixtures or monocultures that produce the greatest amount of
biomass.
Anderson (2016) reported that a 3-species mixture produced the greatest amount
of biomass compared to an oat (Avena sativa) monoculture, a 6-species mixture, and a 9species mixture. The 3-species mixture produced 27% more forage than the oat
monoculture and 37% more biomass than the 6-species mixture. Within the 3 and 6
species mixtures oats was the largest producer of biomass. The authors attributed the
lower production from the higher diversity mixtures to competition between species.
Smith et al., (2014) conducted a study comparing a 5-species mixture to
monocultures of each of the 5-species present in the mixture. The study compared the
mixture and monocultures on productivity, weed suppression, stability, and carry over
effects to the following cash crop. The results indicated that the mixture “over yielded”
the monocultures, but “transgressive over yielding” did not occur. The mixture did not
produce more biomass than the greatest biomass producing monoculture. The production
results indicated that monocultures of buckwheat (Fagopyrum esculentum) and Sorghumsudangrass (Sorghum bicolor x S. bicolor var. Sudanese) produced the greatest amounts
of biomass. The 5-species mixture was not significantly different than the lower
producing monocultures. Over the two years, buckwheat showed the lowest amount of
weed production, but was not statistically different than the other monocultures or
mixture. It was noted that buckwheat and cereal rye (Secale cereal) monocultures were
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the most stable plantings throughout the project, meaning they showed the lowest
variability in their production and weed control from year to year. Oats following field
peas produced the greatest biomass compared with all other seeding treatments.
However, biomass yield between other mixtures and monocultures were not different.
The authors concluded that “transgressive over yielding” of the best monoculture did not
occur and they recommended a buckwheat monoculture for producers who want
consistent biomass production that will help control weeds during the summer.
Other research has looked at diverse mixtures and their relation to multiple
ecosystem services, or “multifunctionality”. Finney and Kaye (2017) conducted a study
comparing multiple monocultures and mixtures on how they affected 5 ecosystem
services including weed suppression, nitrogen (N) retention, biomass production,
inorganic nitrogen supply, and corn yield. A monoculture of hairy vetch (Vicia villosa)
displayed the highest level of multifunctionality for both years of the study. In year one,
three of the mixtures had similar multifunctionality levels to the hairy vetch monoculture,
but in year two none of the mixtures performed as well. The data showed that increasing
diversity within the mixture positively affected weed suppression, nitrogen retention, and
above-ground biomass nitrogen. However, all correlations were weak and the diverse
mixtures did not outperform the best monoculture. The authors stated that their data did
not support their hypothesis that increasing seed mixture diversity led to predictable
increases in multifunctionality at levels pertinent in agriculture. The authors concluded
that trade-offs between different ecosystem services are to be expected and that a
producer may better utilize cover crops if they focus on specific services.
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Annual, Small Grain Forages
Numerous small grain crops have been used by livestock producers as grazed,
harvested, and stockpiled forage. Cereals are an important part of northern US integrated
crop and livestock systems because producers can take advantage of the shorter growing
seasons and still produce useable biomass (Juskiw et al., 2000). Along with the potential
for substantial biomass production, cereals are a relatively high source of energy within a
diet (Anil et al., 1998). These forages can be versatile for when they are used and how
they are harvested including as silage, hay production, and for grazing.
Even though producers can grow biomass with cereals it is important to ensure
that the forage is of good quality, especially when used in higher nutrient demand
environments, such as dairy and feedlot industries. Generally, as plant production
increases with advancing plant maturity, forage quality tends to decline (Fearon et al.,
1990). Temperature changes also can affect the growth of cereal species. When there is a
change in temperature throughout the growing season from warm to cold plants tend to
mature at a slower rate compared to a temperature change from cold to warm (ContrerasGovea and Albrecht, 2006). Weather, planting dates, and harvest dates are important
factors to consider for balancing forage biomass with a target forage quality. Much of the
research that has been done focuses on ways to improve forage quality for the producer.
Effect of Harvest Stage on Forage Quantity and Quality
One management option available to producers that alters forage quantity and
quality is planting at different seasons, which leads to differences in the stage of maturity
of the crop at harvest. For example, one study compared forage quantity and quality of
oats that were summer planted-autumn harvested versus spring planted-early summer
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harvested (Contreras-Govea and Albrecht, 2006). This experiment was conducted at two
locations in Wisconsin with the first seeding date occurring during August, 2001 and the
spring planting occurring the following spring in April, 2002. Harvest date was 77 days
after each planting date.
Results showed that oat maturity and yield differed between the different planting
and harvesting dates. The summer planted-autumn harvested oat maturity was at the midboot stage, while the spring planted-early summer harvested maturity was further along at
mid-milk stage. The yield results indicated that the autumn-harvested oats yielded about
1,000 kg ha-1 less than the early summer harvest. Crude protein (CP) concentrations were
greater in the autumn harvested compared to the early summer harvested oats with means
of 180 g kg-1 and 135 g kg-1, respectively. Different levels of maturity between the oat
plants at the harvesting times explained the differences in CP concentration. In
conclusion, this study indicated that producers can grow higher quality oat forages by
utilizing different planting and harvesting dates, but increased quality may come at the
expense of reduced quantity.
The most important factor affecting forage quality is plant maturity at harvest. As
the plant matures, forage quality will generally decline making it important to harvest at
the correct time to ensure optimum quantity and quality for specific feeding objectives
(Khorasani et al., 1997). This becomes especially important when producers are utilizing
their forages in silage because ensiling may not add extra quality to the forage after it has
been harvested (Juskiw et al., 2000). In Alberta Canada, Khorasani et al., (1997)
conducted a study with an objective of monitoring nutritional changes in plant quality for
small grains at multiple stages throughout maturation. Nobel barley (Hordeum vulgare),
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‘Cascade’ oats (Avena sativa), and ‘Wapiti triticale’ (X Triticosecale Rimpani Witt.)
monocrops and a mixture of barley and triticale were compared to a second cutting of
alfalfa. Forage samples were taken weekly from the boot stage until soft-dough stage of
growth. Dry matter (DM) content was positively correlated with the stage of maturity.
Crude protein was also correlated with stage of maturity, as the stage of maturity
increased CP levels dropped, but it was noted the older the plant became, the slower the
CP content decreased. The CP concentrations tended to plateau prior to the final harvest.
Brink and Martin (1986) also found that CP declined as maturity occurred for barley and
oats. At boot stage, different levels of CP were noted for the cereals with triticale having
the highest CP% of dry matter (26%) followed by barley (25%), oats (22%), and then the
barley:triticale mixture (18.5%). At soft-dough stage, there was no different in CP levels
between the cereals. Alfalfa had the highest CP levels from start to finish even though the
level decreased as well. The authors concluded that stage of maturity was an important
factor in deciding when to harvest as CP concentration averaged 23% for cereals at boot
stage, but decreased to 15% at the soft-dough stage. Khorasani et al., (1997) showed that
harvesting time based on maturity stage can be used to predict forage quality for meat
and dairy production.
Fertilizer Effect on Forage Quantity and Quality
Another potential option for producers who are looking to alter the quality and
quantity of their cereal forages is fertilizer treatments. Collins et al., (1990) conducted a
study with the objective of evaluating oat cultivar yield and forage quality responses to
different levels of N fertilizer. The study utilized 9 oat cultivars, four field environments
in Wisconsin, four planting dates, and five different nitrogen application rates (0, 28, 56,
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84, and 112 kg ha). Results showed a significant interaction between nitrogen and yield at
all four field locations showing that an increase in nitrogen fertilizer increased yield. Two
of the three field locations that tested samples for nitrogen content found nitrogen content
of the plant tissue increased with increasing fertilizer rates. Increased fertilizer resulted in
minimal neutral detergent fiber (NDF) reductions for all field sites except one, which
resulted in an increase of NDF. Acid detergent fiber (ADF) showed similar results to that
of NDF when fertilizer rates increased. NDF has been known to increase as the plant
matures, which could have been avoided to some extent since the plants were harvested
at the heading stage rather than full maturity. The authors concluded that the application
of 84 to 112 kg per ha of N increased forage quality by increasing the CP concentration
rather than increasing quality by decreasing fiber concentrations. Nitrogen fertilizer rates
had minimal effects on the quality of forage based on fiber levels.
One potential problem with utilizing fertilizers to increase forage quantity and
quality is the cost to the producers relative to the return in forage quantity or quality. One
potential alternative to expensive fertilizers would be application of manure that is often
available to the producers of beef and dairy cattle. Manure application could be a
potential way to reduce cost not only for industrialized systems but organic systems as
well. Yolcu et al., (2016) conducted a study to determine the effect of solid cattle manure
application on wheat (Triticum aestivum), cereal rye (Secale cereal), and oat nutrient
values. The study occurred in north-east Turkey during the fall growing seasons where
wheat, oat, and rye were planted at rates of 180, 160, and 160 kg ha-1. Three manure
treatments that included applications of 0, 10,000, and 20,000 kg ha-1 were incorporated
into the soil prior to planting. The cereal species were harvested at milk stage and
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analyzed for NDF, ADF, and CP. Differences were observed for NDF, ADF, and CP
when averaged across manure treatments. Averaged across treatments, oats had the
lowest NDF and ADF, 44.5% and 26.9%, respectively. Cereal rye had the highest NDF
and ADF at 48.7% and 29.7%, respectively. Wheat had the greatest CP (11.6%),
followed by oats (10.9%), and cereal rye (10.2%). The manure treatments displayed
significant decreases (P < 0.01) for NDF, ADF, but not CP. In conclusion, authors agree
that in most cases the manure applications had a positive effect on the forage quality of
the cereals.
Increasing Forage Quality by Including Legumes
Another option for producers looking to increase the quality and the quantity of
their forages is intercropping, or planting mixtures of cereals and legumes. According to
Begna et al., (2011), the intercropping of legumes and non-legumes is a practice that has
been around for years as a means of improving the quality and the quantity of forage, as
opposed to a monoculture of one species over the other. This sort of practice is common
for dairy producers in the northern US and Canada where a higher quality feedstuff is
needed to meet high nutrient requirements of milking cattle (Han et al., 2013).
Mixtures of cereals and legumes has the potential to increase the quantity and
quality of forage over a monoculture because the different species provide different
benefits to the forage. For example, the cereals tend to have lower crude protein levels
compared to legumes, but cereals are often higher yielding in dry matter and digestible
energy (Lauriault and Kirksey, 2004). Cropping cereals and legumes together has been
viewed as a sustainable practice because of how these crops interact with each other.
Research has shown that when cropped together cereals and legumes can utilize nitrogen
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more efficiently than monocultures (Begna et al., 2011). This is because the cereals
outcompete the legumes for the inorganic N in the soil (Begna et al., 2011; Lithourgidis
et al., 2011; Neugschwandtner and Kaul, 2015). Along with the forage quantity and
quality benefits of intercropping, other positives can include increased yields of the
following crop, increased land use efficiency, increased diversity, increased economic
gain, and even the potential for controlling weeds, insects, and diseases. (Willey, 1979a;
Ghaffarzadeh, 1997; Strydhorst et al., 2008). The numerous varieties of cereals and
legumes that are available to producers allow for a wide variety of mixtures.
Many different studies around the world have evaluated how legume-cereal
mixtures affect the quantity and quality of the forage. Kocer and Albayrak, (2012),
conducted a two-year study in Isparta, Turkey with the objective of learning more about
the quantity and quality differences between monocultures and different seed mixtures of
pea (Pisum sativum), oat, and barley (Hordeum vulgare). The pea-oat and pea-barley
mixtures where planted at two ratios for each mixture (55:45 and 65:35 seeding ratios)
with all plantings taking place in March. The plots were harvested throughout June when
50% of the peas reached the flowering stage.
The oat and barley monocultures produced the greatest DM yields of all plantings,
while the pea monoculture produced the least (13,519, 12,809, and 6,650 kg ha-1,
respectively). When it came to the different seeding ratios the 55:45 ratio of pea-oat and
pea-barley outcompeted the 65:35 ratio of the same species. It was noted that of the two
different seeding ratios the 65:35 was found to contain the highest DM pea component.
The monoculture of pea had the highest sample CP concentration percentage (16.08%),
followed by the 65:35 ratio pea-oat (15.33%), then the 65:35 barely (15.06%), and the
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barley monocrop had the lowest (10.46%). Crude protein yield (CPY) was calculated by
multiplying the CP% by the total biomass produced. This measure describes the total
production of CP at the hectare level. The mixtures outcompeted the pea monoculture for
CPY because of elevated levels of total biomass produced. The data indicated that the pea
monoculture had the highest total digestible nutrient (TDN) concentration percentage
(68.03%) out of all the treatments while the monoculture of oat had the lowest (56.67%).
It was noted that as the pea ratio increased within the mixture TDN increased as well.
The authors concluded that the cereal monocultures produced the greatest amount of
biomass, but the pea-cereal mixtures made up for the lack of production by having higher
CP and TDN concentrations. The authors recommended the pea-oat and pea-barley
mixtures at the 65:35 seeding ratio for a high-quality forage. However, even though the
oat monoculture was lower in CP% it was still one of the greatest producers of CPY
because of the extra biomass produced.
Chapko et al., (1991) evaluated the effects of different mixtures of oats, oats-pea,
barley, and barley-pea on alfalfa establishment and the quantity and quality of forage
produced by the mixtures in Wisconsin. The harvesting of the mixtures occurred in June
when 50% of the cereals had 2 or 3 spikelets emerged from the boot, with the peas
between late bud to early flowering. Adding pea in with oats and barley decreased both
ADF and NDF, but increased CP when compared to the oat and barley monocultures.
They concluded that adding pea improved the forage quality of the mixtures with the oatpea mix having lower ADF, NDF, and higher CP. When examined without the pea
addition, oat forage had better quality compared to barley. The authors were not surprised
to learn that the oat-pea and barley-pea mixtures out competed their cereal monocultures
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because the seeding rates for the cereals stayed the same from the monoculture to the
mixture, but peas were added to the mixture. The authors concluded that if production is
limited by the number of acres a producer has, the producer would be better off planting
the higher quality oat-pea forage over the higher yielding barley pea forage. The authors
indicated that the addition of peas to a forage crop is a viable option to enhance forage
quality when animals need a higher quality feedstuff to aid in production.
Carr et al., (2004) utilized oats, barley, and peas within monocultures and
mixtures, in a dryland forage setting in the Northern Great Plains. Nine barley, five oat,
one pea cultivar, plus two barley-pea, and two oat-pea mixtures were evaluated. No
fertilizers were applied to the plots and this study occurred on low nitrogen soils. This
study had four objectives, including comparing forage production between barley and
oats, determining if cultivar selection effects forage yield and quality, how each portion
of the plant contributes to yield, and how intercropping with field pea affects forage
quantity and quality.
The plots were planted on April 30th, 1999 and April 26th 2000 and harvested
when the cereal species were within the mid-milk to early soft dough stages, which put
the peas within the mixtures between first open flower to pod fill growth stages. The pea
monocrop was harvested at the first pod set growth stage. Average DM production
between species found that the pea monoculture had the highest production (5.38 Mg ha1

), while the oat out produced the barley with production of 3.84 Mg ha-1 and 2.91 Mg ha-

1

, respectively. Both cereal-legume mixtures out produced their cereal monocultures with

the oat-pea mixture out producing the barley-pea mixture with yields of 4.56 Mg ha-1 and
3.53 Mg ha-1, respectively.
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Crude protein concentration was greater for barley (90 g kg ) than oats (61 g kg-1

1

), but the pea monoculture had the greatest CP concentration (166 g kg-1). The oat-pea

mixture (100 g kg-1) had a lower CP concentration than the barley-pea mixture (135 g kg1

). Again, both mixtures out produced their cereal monoculture. Total digestible nutrient

concentration among cereals and cereal-pea mixtures showed similar results with both
cereal pea mixtures having higher concentrations than their cereal monocultures. The
barley-pea mixture (579 g kg-1) had the highest TDN concentration followed by the
barley monoculture (562 g kg-1), pea monoculture (554 g kg-1), oat-pea mixture (545 g
kg-1), and the oat monoculture had the lowest (516 g kg-1). The results demonstrate that
adding pea to a cereal mixture may increase total yield and increase the overall forage
quality compared to a sole monocrop of either oat or barley in dryland forage systems
with low nitrogen levels in the soil.
Hodgson (1956) conducted a study with cereal-legume mixtures looking at how
the forage quality and quantity was altered in Palmer, Alaska. A variety of oat-pea
mixtures were seeded with some being eliminated and others added from year to year.
There were five different stages of harvest for each mixture and they ranged from oats in
early milk stage and peas with lower pods one-half filled to oats in the late dough stage
and peas with all pods well-filled. Mixtures that contained a one-half to two-thirds pea
component significantly out produced the other mixtures. Looking at the harvest stage of
the mixtures, the author concluded that harvesting after oats had reached the late milk to
early dough stage resulted in insignificant forage increases. It was noted that mixtures
containing higher pea ratios tended to have yield increases even with the later cuttings.
Higher levels of CP were observed in mixtures that contained greater ratios of peas. Stage
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of maturity at harvest had less of an effect on total protein production than the mixture
ratio itself. The author concluded that the mixtures containing greater pea-to-oat ratios
were able to maintain protein levels as the yield increased as opposed to a mixture with
more oats than peas. The author states that the production from seeding rates exceeding
112 kg ha-1 does not justify said rates. In summary, the author concluded that the most
profitable production came from mixtures that contained 16 to 25 kg of oats and 23 to 29
kg of peas harvested when the oats reached the late milk to early dough stage.
Uzun and Asik, (2012) in Bursa, Turkey evaluated the effect of different seeding
rates and harvesting stage on oat-pea forage quality and quantity. One pea variety and
one oat variety were grown in five different mixture ratios and harvested at three different
oat maturity stages (jointing stage, oat panicle remains within sheath, and milk-dough
stage). Before seeding occurred each year, 30 kg ha-1 of nitrogen was applied. The 1st
harvest stage (43.78%) had the highest pea ratio in the forage while the 3rd and final
harvest (38.62%) had the lowest. Results also showed that the latter the harvest, the
greater amount of DM produced. Significant differences for the crude protein ratio were
found for the mixture rates and cutting stages. To be expected, the highest CP% (17%)
came from the pea monoculture while the lowest (7%) came from the oat monoculture.
As the amount of oats in the mixture increased the crude protein percentage decreased.
Harvest stage 1 (15.31%) produced the greatest average CP%, which decreased the latter
the harvesting occurred. The greatest crude protein yield (1,730 kg ha-1) came from the
50/50 mixture while the lowest (1,040 kg ha-1) came from the oat monoculture. Harvest
stage 3 (1,570 kg ha-1) produced the greatest CPY, while harvest stage 1 (1,370 kg ha-1)
produced the least. The authors concluded that the oats portion is important for yield
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production while the peas are important for quality production. The authors of this study
recommend a mixture of 25% pea/75% oat for a higher yielding hay and a 50/50 mix for
enhanced forage quality, both harvested at the milk-dough stage of the oats.
The economic benefit of an annual forage to an operation is just as important as
the quantity and quality of the forage itself. Dordas et al., (2012) conducted a study in
northern Greece with peas, oats, barley, and two mixture ratios for the pea-oat and peabarley mixtures including a 60% pea-40% cereal (60:40) and 80% pea-20% cereal
(80:20). The objectives were to compare forage and nitrogen yield of monocrops to
mixtures, estimating the effect of intercropping on the growth of the species, estimating
competition between species, and then lastly to determine the economic advantage of
intercropping. The plantings were harvested 0, 3, 6, and 9 weeks after tillering (WAT),
which put the cereal maturity stages around tillering, jointing, booting, and milk stage
respectively. Cereals increased in DM production from 0 to 6 WAT, but then saw a
plateau from 6 to 9 WAT. Pea DM increased throughout all of the harvesting stages. The
barley monocrop (13 mega gram (Mg) ha-1) produced the greatest amount of DM
followed by the pea-oat 80:20 mixture (11.73 Mg ha-1). The pea monocrop (10.30 Mg ha1

) had the lowest DM production, but had the highest CP concentration (137 g kg-1 DM),

followed by pea-oat 80:20 (132 g kg-1 DM), and pea-barley 80:20 (130 g kg-1 DM). The
oat monoculture (89 g kg-1 DM) had the lowest CP concentration. As the proportion of
peas increased within the mixtures there was an increase in the CP concentrations as well.
The CP yields were similar to the CP concentrations, but the pea-oat 80:20 mix out
produced the pea monoculture. Dordas et al., (2012) concluded that both pea-oat seeding
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ratios are the best choices for producers who are looking to get the greatest economic
return on forage production.
Conclusion
The use of cover crops offers a wide variety of potential production, economic,
and environmental benefits to producers and agroecosystems as a whole (Blanco-Canqui
et al., 2015, Gabriel et al., 2013, Snapp et al., 2005, and Wortman et al., 2012). When
selecting annual forage seed mixtures, it is important to have specific goals and
objectives since different species have unique characteristics that may affect the desired
benefits. Tradeoffs within agriculture are to be expected (Kremen and Miles, 2012) and
utilizing a diverse seed mixture will likely create trade-offs in desired ecosystem services
since different species are better at performing different functions. Implementing diverse
cover crop mixtures may not address more challenges or ecosystem services than a
monoculture (Blanco-Canqui et al., 2015, Finney and Kay 2017, Finney et al., 2016, and
Iverson et al., 2014). The understanding of the tradeoffs is important because it is not
economically feasible to pay a higher seed cost to potentially gain minimal ecosystem
service benefits when a simple monoculture will meet your specific goals and objectives.
Much research has been conducted on different small grain mixtures and
monocultures and their effects on forage quantity and quality (Erol et al., 2009; Ross et
al., 2004; and Zhang et al., 2015). Many studies have concluded that seed mixtures can
increase forage quality and the amount of forage produced, but the results are variable
depending on the desired results. The cereal crop typically increases production of the
forage while the legumes have the ability to increase the quality (i.e., crude protein) of
the forage when combined in a mixture. Most research agrees that the best time to harvest
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these mixtures is when the cereal species reach the milk stage, but a variety of mixture
ratios have been suggested.
The studies reported in this thesis provide additional scientific insight for
suggested oat-pea ratios, but limited research has compared mixtures under variable
climatic conditions. Our study reported in this thesis has the opportunity to add scientific
insight for suggested oat-pea ratios within different environmental conditions across
Nebraska. The different study site environments allow us to make suggestions across soil,
temperature, and precipitation gradients which adds value to our study for Nebraska
producers. Additionally, the multi-location factor of the study makes the research
valuable because the results can be applied to multiple locations and across varying
climates.

19
LITERATURE CITED
Anderson, R. L. 2016. Considering canopy architecture when planning cover crop
mixtures. Renew. Agr. Food Syst. 32:109-111.
Anil, L. J. Park, R. H. Phipps, and F. A. Miller. 1998. Temperate intercropping of cereals
for forage: a review of the potential for growth and utilization with particular
references to the UK. Grass and Forage Sci. 53:301-317.
Begna, S. H., D. J. Fielding, T. Tsegaye, R. Van Veldhuizen, S. Angadi, and D. L. Smith.
2011. Intercropping of oat and field pea in Alaska: An alternative approach to
quality forage production and weed control. Acta Agric. Scand. Sect. B Soil Plant
Sci. 61:235-244.
Blanco-Canqui, H., T. M. Shaver, J. L. Lindquist, C. A. Shapiro, R. W. Elmore, C. A.
Francis, and G. W. Hergert. 2015. Cover crops and ecosystem services: Insights
from studies in temperate soils. Agron. J. 107:2449-2474.
Brink, G. E., and G. C. Marten. 1986. Barley vs. oat companion crops. I. forage yield and
quality response during alfalfa establishment 1. Crop Sci. 26:1060-1067.
Carr, P. M., R. D. Horsley, and W. W. Poland. 2004. Barley, oat, and cereal-pea mixtures
as dryland forages in the northern Great Plains. Agron J. 96:677-684.
Chapko, L. B., M. A. Brinkman, and K. A. Albrecht. 1991. Oat, oat-pea, barley, and
barley-pea for forage yield, forage quality, and alfalfa establishment. J. Prod.
Agric. 4:486-491.
Collins, M., M. A. Brinkman, and A. A. Salman. 1990. Forage yield and quality of oat
cultivars with increasing rates of nitrogen fertilization. Agron. J. 82:724-728.
Contreras-Govea, F. E., and K. A. Albrecht. 2006. Forage production and nutritive value
of oat in autumn and early summer. Crop Sci. 46:2382-2386.
Dordas, C. A., D. N. Vlachostergios, and A. S. Lithourgidis. 2012. Growth dynamics and
agronomic-economic benefits of pea-oat and pea-barley intercrops. Crop Pasture
Sci. 63:45-52.
Entz, M. H., V. S. Baron, P. M. Carr, D. W. Meyer, S. Smith, and W. P. McCaughey.
2002. Potential of forages to diversify cropping systems in the Northern Great
Plains. Agron. J. 94:240-250.
Erol, A., M. Kaplan, and M. Kizilsimsek. 2009. Oats (Avena sativa)—common vetch
(Vicia sativa) mixtures grown on a low-input basis for sustainable agriculture.
Trop. Grasslands 43:191-196.

20
Fearon, A. L., A. Felix, and V. T. Sapra. 1990. Chemical composition and in vitro dry
matter and organic matter digestibility of triticale forage. J. Agron. Crop Sci.
164:262-270.
Finney, D. M., C. M. White, and J. P. Kaye. 2016. Biomass production and
carbon/nitrogen ratio influence ecosystem services from cover crop mixtures.
Agron. J. 108:39-52.
Finney, D. M., and J. P. Kaye. 2017. Functional diversity in cover crop polycultures
increases multifunctionality of an agricultural system. J. Appl. Ecol. 54:509-517.
Franzluebbers, A. J., and J. A. Stuedemann. 2015. Does grazing of cover crops impact
biologically active soil carbon and nitrogen fractions under inversion or no tillage
management?. J. Soil Water Conserv. 70:365-373.
Gabriel, J. L., A. Garrido, and M. Quemada. 2013. Cover crops effect on farm benefits
and nitrate leaching: linking economic and environmental analysis. Agr. Syst.
121:23-32.
Gardner, J. C., and D. B. Faulkner. 1991. Use of cover crops with integrated croplivestock production systems. In: W.L. Hangrove, editor, Cover crops for clean
water. Soil and Water Conserv. Soc. Ankeny, IA. 185-191.
Ghaffarzadeh, M. 1997. Economic and biological benefits of intercropping berseem
clover with oat in corn-soybean-oat rotations. J. Prod. Agric. 10:314-319.
Han, K. J., M. W. Alison, W. D. Pitman, and M. E. McCormick. 2013.Contribution of
field pea to winter forage production and nutritive value in the South-Central
United States. Crop Sci. 53:315-321.
Hodgson, H. J. 1956. Effect of seeding rates and time of harvest on yield and quality of
oat-pea forage. Agron. J. 48:87-90.
Holman, J. D., K. Arnet, J. Dille, S. Maxwell, A. Obour, T. Roberts, and A. Schlegel.
2018. Can cover or forage crops replace fallow in the semiarid central great
plains?. Crop Sci. 58:932-944.
Iverson, A. L., L. E. Marín, K. K. Ennis, D. J. Gonthier, B. T. Connor-Barrie, J. L.
Remfert, B. J. Cardinale, and I. Perfecto. 2014. Do polycultures promote winwins or trade-offs in agriculture ecosystem services? A meta-analysis. J. Appl.
Ecol. 51:1593-1602.
Juskiw, P. E., J. H. Helm, and D. F. Salmon. 2000. Forage yield and quality for
monocrops and mixtures of small grain cereals. Crop Sci. 40:138-147.

21
Khorasani, G. R., P. E. Jedel, J. H. Helm, and J. J. Kennelly. 1997. Influence of stage of
maturity on yield components and chemical composition of cereal grain silages.
Can. J. Anim. Sci. 77:259-267.
Kocer, A., and S. Albayrak. 2012. Determination of forage yield and quality of pea
(Pisum sativum L.) mixtures with oat and barley. Turk. J. Field Crops 17:96-99.
Kremen, C., and A. Miles. 2012. Ecosystem services in biologically diversified versus
conventional farming systems: benefits, externalities, and trade-offs. Ecol. Soc.
17:40.
Lal, R., E. Regnier, D. J. Eckert, W. M. Edwards, and R. Hammond. 1991. Expectations
of cover crops for sustainable agriculture. In: W.L. Hangrove, editor, Cover crops
for clean water. Soil and Water Conserv. Soc. Ankeny, IA. 1-11.
Lauriault, L. M., and R. E. Kirksey. 2004. Yield and nutritive value of irrigated winter
cereal forage grass-legume intercrops in the Southern High Plains, USA. Agron.
J. 96:352-358.
Lithourgidis, A. S., D. N. Vlachostergios, C. A. Dordas, and C. A. Damalas. 2011. Dry
matter yield, nitrogen content, and competition in pea-cereal intercropping
systems. Eur. J. Agron. 34:287-294.
Neugschwandtner, R. W., and H. P. Kaul. 2015. Nitrogen uptake, use and utilization
efficiency by oat pea intercrops. Field Crop Res. 179:113-119.
Odland, T. E., and H. C. Knoblauch. 1938. The value of cover crops in continuous corn
culture. Agron. J. 30:22-29.
Ross, S. M., J. R. King, J. T. O’Donovan, and D. Spaner. 2004. Intercroppping berseem
clover with barley and oat cultivars for forage. Agron. J. 96:1719-1729.
Schmid, B., A. Hector, P. Saha, and M. Loreau. 2008. Biodiversity effects and
transgressive overyielding. J. Plant Ecol. 1:95-102.
Smith, R. G., L. W. Atwood, and N. D. Warren. 2014. Increased productivity of a cover
crop mixture is not associated with enhanced agroecosystem services. PloS One
9:e97351.
Snapp, S. S., S. M. Swinton, R. Labarta, D. Mutch, J. R. Black, R. Leep, J. Nyiraneza,
and K. O’neil. 2005. Evaluating cover crop benefits, costs and performance
within cropping system niches. Agron. J. 97:322-332.

22
Strydhorst, S. M., J. R. King, K. J. Lopetinsky, and K. N. Harker. 2008. Forage potential
of intercropping barley with faba bean, lupin, or field pea. Agron. J. 100:182-190.
Titlow, A. H., K. H. Jenkins, M. K. Luebbe, and D. J. Lyon. 2012. Forage availability
and quality of no-till forage crops for grazing cattle. Nebraska Beef Cattle Report
47-48.
Titlow, A., M. K. Luebbe, D. J. Lyon, T. J. Klopfenstein, and K. Jenkins. 2014. Using
dryland annual forage mixtures as a forage option for grazing beef cattle. Forage
and Grazinglands 12:1-6.
Uzun, A., and F. F. Asik. 2012. The effect of mixture rates and cutting stages on some
yield and quality characteristics of pea (Pisum sativum L.)+ oat (Avena sativa L.)
mixture. Turk. J. Field Crops. 17:62-66.
Willey, R. W. 1979a. Intercropping – its importance and research needs. Part I –
Competition and yield advantages. Field Crop Abstr. 32:1-10.
Wortman, S. E., C. A. Francis, M. L. Bernards, R. A. Drijber, and J. L. Lindquist. 2012.
Optimizing cover crop benefits with diverse mixtures and an alternative
termination method. Agron. J. 104:1425-1435.
Yolcu, H., M. K. Gullap, M. Yildirim, A. Lithourgidis, and M. Deveci. 2016. Effects of
organic solid cattle manure application on nutrient value of winter cereal forages.
J. Plant Nutr. 39:1167-1173.
Zhang, J., B. Yin, Y. Xie, J. Li, Z. Yang, and G. Zhang. 2015. Legume-cereal
intercropping improves forage yield, quality and degradability. PLoS One
10:e0144813.

23

CHAPTER 2
EFFECT OF VARIABLE SEEDING RATES ON OAT-SPRING PEA FORAGE
AT THREE NEBRASKA LOCATIONS
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Abstract
Oats (Avena sativa) and spring peas (Pisum sativum) are used by producers to
optimize forage production and maintain nutritive value. We conducted a 2-year study at
Sidney (HPAL), North Platte (WCREC), and Lincoln (LINC), NE to determine the
optimum oat-spring pea seeding rate for forage nutritive value and forage quantity across
a west to east precipitation gradient. Five seeding rates including a monoculture of oats
(79 kg oats), a monoculture of peas (79 kg peas), and three varying oat-spring pea
seeding ratios were planted at each location. The mixtures included a 25% oat (20 kg
oats:59 kg peas), 50% oat (39.5 kg oats:39.5 kg peas), and a 75% (59 kg oats:20 kg peas)
oat treatment. At HPAL and WCREC, both years of data were analyzed together, while
year one (2017) and two (2018) were analyzed separately from the LINC site because of
unexpected weed pressure in year two. At HPAL, the oats monoculture produced at least
16% more forage than all other seeding treatments. In contrast, at WCREC, the oats
monoculture produced similar amounts of forage to the 50% and 75% oat seed mixtures.
There were no differences for total biomass production at the LINC site in either year. In
both years at HPAL and WCREC and in year 1 at LINC, the spring pea monoculture had
the greatest crude protein concentration. However, the 25% oat mixture was similar to the
spring pea monoculture at LINC in year 1. Results of this study suggest that oats
generally contribute the greatest contribution towards total biomass produced of oatsspring pea mixtures. Including as little as 20 kg of spring peas increased crude protein
concentrations in higher precipitation environments. In our dry climate, no contribution
of spring peas increased nutritive value and the reduced spring pea production may have
limited any benefits of including spring pea to increase nutritive value.
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Introduction
Annual forage crops are utilized throughout the Great Plains of North America
within diverse crop and livestock systems (Entz et al., 2002). These forage crops allow
producers opportunities to take advantage of shorter growing seasons to produce useable
biomass for their operations (Juskiw et al., 2000). Cereal-legume mixtures have long
been studied and recommended for optimizing forage production with increased nutritive
value (Begna et al., 2011; Carr et al., 2004; Chapko et al., 1991; Dordas et al., 2012; Erol
et al., 2009; Han et al., 2013; Hodgson, 1956; Kocer and Albayrak, 2012; Lauriault and
Kirksey, 2004). Cereal grains are utilized in annual forage mixtures because they have
the potential to produce substantial amounts of forage that is a good source of energy for
livestock, but may be deficient in crude protein (Anil et al., 1998).
Many studies have evaluated different strategies to improve the forage quantity
and quality of cereal-legume mixtures through varying seeding ratios, planting and
harvesting dates, fertilizing, and altering species present within the seed mix (Collins et
al., 1990; Erol et al., 2009; Hodgson, 1956; Ross et al., 2004; Uzun and Asik, 2012; and
Zhang et al., 2015). Varying the small grain species (e.g., oats, barley, and triticale) and
legume (e.g., spring forage pea and vetch) species and seeding ratios have been suggested
as a means to enhance forage quantity and quality. Legumes are often included in forage
mixtures as a way to improve the nutritive value because of their elevated crude protein
levels compared to annual forage grasses (Lauriault and Kirksey, 2004). In general,
research has indicated that forage crude protein levels tend to decline as the amount of
legume forage production in a mixture decreases. For example, Carr et al., (2004)
reported that pea monocultures had the highest crude protein (CP) concentrations
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followed by cereals intercropped with peas while the cereal monocultures were the
lowest. Similar CP concentration declines have also been shown in mixtures with oats
and common vetch (Vicia sativa) (Erol et al., 2009).
Little research has investigated potential interactions of variable precipitation
scenarios on forage quantity and quality with oats-spring pea forage mixtures. Variability
in dry to wet environments may affect how different forage mixtures respond in total
production and quality. The objective of this study was to determine the optimum oatspring pea seeding rate for forage nutritive value and forage quantity across Nebraska’s
west (dry) to east (wet) precipitation gradient. We hypothesized that as the amount of pea
increased in the seeding mixture that CP concentration of the forage would increase
regardless of site location within Nebraska’s precipitation gradient.
Materials & Methods
Study Site Descriptions
Research was conducted at three Nebraska study sites in 2017 and 2018. Study
sites were selected based on differences in long-term precipitation estimates across
Nebraska’s increasing precipitation gradient from west to east (Fig. 1). Study sites were
located at the University of Nebraska – Lincoln (UNL) High Plains Ag Lab (HPAL) near
Sidney, NE (41°14’56.20”N, 102°59’58.24”W), at the UNL West Central Research and
Extension Center (WCREC) near North Platte, NE (41°05’24.23”N, 100°46’11.02”W),
and near the UNL East Campus (LINC) in Lincoln, NE (40°49’51.50”N,
96°39’29.59”W). At the LINC site the soil is an Aksarben (loamy upland) soil type. The
major soil component at the WCREC location is Cozad, which is considered a loamy
lowland. At HPAL, the soil is mainly comprised of Alliance (loamy tableland). The soils
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in the western panhandle are more coarse and sandy compared with soils in the central
and eastern part of the state.
Long-term annual mean precipitation is 438 mm at HPAL, 510 mm at WCREC,
and 738 mm at LINC (Fig 1.). Mean precipitation accumulation from March through
June (i.e., precipitation occurring during the oat and pea growth period) contributes
approximately 50% of the total annual precipitation at HPAL, 50% at WCREC, and 46%
at LINC (Table 1.). On average, WCREC and LINC receive 15% and 36% more
precipitation than HPAL during the March through June growing season period,
respectively.
In year one, growing season precipitation at HPAL was lower than the long-term
average during March through June, WCREC received close to the average, and LINC
received 42% more. Due to abnormally dry conditions in late May and June of 2017 at
the WCREC site, 84 mm of water was applied through irrigation for a total of 281.4 mm
(irrigation plus rainfall from March to June). Four irrigation events occurred with the first
on 24-May and the last on 14-June to maintain the amount of water closer to the longterm average. During March through June in year two (i.e., 2018), HPAL received 18%
more precipitation than the long-term average, WCREC received 24% more, and LINC
received 8% less. No irrigation was applied to any of the sites during year 2 of the study.
The long-term average temperature during March through June at HPAL is
10.8°C, 11.6°C at WCREC, and 13.7°C at LINC (Table 1.). At HPAL, the average
temperature for both years growing seasons were higher than 10.8°C. Year 1 and 2 mean
growing season temperatures were higher than the sites long term normal at the WCREC
and LINC sites. HPAL averaged 1304 growing degree days (GDD) between the planting
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and harvest dates over the two-year project with year 2 having the greatest accumulated
GDD. A similar pattern occurred at WCREC, but averaged 1552 GDD. LINC averaged
1392 GDD with year 1 having 4 more GDD than year 2.
Seeding Treatments
At each location, five oat-pea seeding rates were planted into plots measuring 1.5
meters by 9.1 meters. Plots were randomized within a randomized complete block design
with 3 replications at the LINC site and 4 replications at the HPAL and WCREC sites.
Seeding rate treatments were 0% Oats (0 kg ha-1 Jerry Oat/79 kg ha-1 Spring Forage Pea
4010), 25% Oats (20 kg ha-1 Oat/59 kg ha-1 Pea), 50% Oats (39.5 kg ha-1 Oat/39.5 kg ha-1
Pea), 75% Oats (59 kg ha-1 Oat/20 kg ha-1 Pea), and 100% Oats (79 kg ha-1 Oat/0 kg ha-1
Pea). Seeds per square meter per treatment are (0% Oats) 551 peas m2, (25% Oats) 78
oats m2/42 peas m2, (50% Oats) 157 oats m2/28 peas m2, (75% Oats) 234 oats m2/14 peas
m2, and (100% Oats) 313 oats m2.
Planting dates were in late March and early April in both years of the study (Table
1). Harvest occurred at approximately the soft dough stage of the oat and was typically
earlier at the LINC site compared to the other study sites (Table 1). Plots at each study
site were fertilized with 67 kg of nitrogen per hectare and 34 kg of phosphorus per
hectare after the plantings occurred.
Plot Harvest
To determine the oat and pea production in the mixes, two, one-meter row lengths
were hand-clipped from each plot. Oat and pea plants were separated in the field to
determine the proportion of the mixture’s biomass production that was oats and peas for
each seeding rate treatment. To determine total production, plots were harvested using a
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forage harvester that harvested each plot at a stubble height of approximately 4 inches.
Grab samples were taken from the harvested material and oven dried at 60°C for
approximately 48 hours and dry matter weights were recorded. Grab samples were
analyzed using a wet chemistry analysis by Ward Labs (Kearney NE) for crude protein
(CP) and total digestible nutrients (TDN) estimates. Ward Labs considered the forage a
grass hay and TDN was calculated from Acid Detergent Fiber (ADF) with the following
equation 4.898 + (89.796(1.0876 – (0.0127 x ADF))). All values are reported on a dry
matter basis.
Statistical Analysis
Different seeding rate treatments were compared by location using an analysis of
variance with the Proc Glimmix statement in SAS. At the HPAL and WCREC study
sites, year was treated as a random variable. At the LINC site, data from each year were
analyzed separately because of large yearly variation caused by weed pressure in 2018
that was not observed in 2017. Data from each seeding treatment at each location were
compared for total biomass production, pea biomass production, oat biomass production,
CP concentration, CP yield, TDN concentration, and TDN yield. Significant differences
were evaluated with an alpha of 0.05 and means were separated using least squared
differences in SAS. A linear regression analysis was performed for the LINC-2018 site
with the independent variable as the percent of total production that was oat and the
dependent variable as percent of total production that was weeds.
To compare the differences in cost between the seeding treatments, seed costs
were evaluated at $0.86 per kg of peas and $0.57 per kg of oats (Green Cover Seed,
accessed 6 Feb. 2019). The total seed cost per hectare for each treatment was determined
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by multiplying the price per kg of peas and oats by the number of kg within each seed
mix. Cost per ton of DM was calculated on a per hectare basis by dividing the number of
tons produced by the total seed cost per hectare. CP and TDN yields were calculated by
multiplying the dry weight percentages by the total biomass produced. Seed cost per ton
of CP and cost per ton of TDN were then calculated with the same approach as cost per
ton of DM.
Results
Biomass Production
Total biomass production among the seeding rates at HPAL and WCREC showed
significant differences (P < 0.01) (Fig. 2). At HPAL, the oat monoculture produced the
greatest amount of biomass, approximately 14% more than the next closest mixture (50%
oat mixture). The pea monoculture was the least productive treatment, producing
approximately 40% less biomass than the next mixture (75% oat mixture). The oat
monoculture produced 66% more biomass than the spring pea monoculture. There were
no differences (P > 0.78) in total biomass detected between the 25%, 50%, and 75% oat
mixtures at HPAL.
At WCREC, the 75% oat mixture produced the greatest numerical amount of
forage biomass, but this mixture was only significantly different from the 25% oat
mixture and the spring pea monoculture (Fig. 2). The spring pea monoculture was the
least productive mixture, but was not significantly different from the 25% oat mixture.
The greatest biomass producing mixture (75% oat mixture) produced 45% more biomass
than the spring pea monoculture. At the WCREC site, the 75% mixture was
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approximately 31% greater than the 25% oat mixture (P < 0.01), but the 75% and 25%
oat mixtures did not differ from the 50% oat mixture.
Oat production and pea production varied in the mixtures at the HPAL and
WCREC study sites (P < 0.01). At HPAL, there was a 37% increase in oat production
from the 25% oat mixture to the 75% oat mixture (Fig. 2). Oats were the greatest
producer of biomass across all mixtures at the HPAL site, including in the mixture where
only 25% of the seed mix was oats. Of the total biomass produced by the 25% oat
mixture, 66% of the production was oats, which was the lowest percent contribution of
oats across all of the oat-spring pea mixtures. Spring pea production was greatest from
the spring pea monoculture (2408 kg ha-1 ± 242), which was significantly different than
all other treatments. The increase in oat production between the 25% and 75% mixture at
WCREC was 272%, 1321 kg ha-1 ± 434 to 4909 kg ha-1 ± 434, respectively. The 25%
oats mixture at the WCREC site only had 25% of its total biomass come from oats. At
WCREC, the pea monoculture and 25% oat mixture produced similar amounts of pea
biomass.
At the LINC-2017 site, no differences (P = 0.68) were detected across the
treatments for total biomass production (Fig. 3). The pea monoculture was numerically
the lowest biomass producing treatment and produced 23% less biomass than the most
productive treatment (50% oat mixture), but no statistical differences detected. With the
mixtures of oats and peas, peas were always out produced by the oats. In the 25% oat
mixture, peas contributed approximately 37% to the total biomass, the highest across all
oat-spring pea mixtures for this site. Oat production (P = 0.13) did not differ across the
seed treatments, but the greatest (P < 0.01) pea production came from the spring pea

-1

-1
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monoculture (8066 kg ha ± 608), while the 75% oat mixture (358 kg ha ± 608)
produced the lowest amount of spring pea production.
At the LINC-2018 site, no statistical differences (P = 0.08) were detected for total
biomass production across the 5 treatments (Fig. 3). Oat production (P < 0.01) and pea
production (P = 0.03) showed significant differences across the treatments. Oat
production was greatest in the oat monoculture (4686 kg ha-1 ± 521), but it was similar in
production to the 75% oat mixture (4367 kg ha-1 ± 521). Spring pea production was
greatest from the 25% oat mixture (1872 kg ha-1 ± 287), but it only differed from the 75%
oat mixture (289 kg ha-1 ± 287).
In year 2 at LINC, there was increased weed pressure from wild buckwheat
(Fallopia convolvulus) due to the late-March planting date followed by unseasonably
cold temperatures, along with a late, hard freeze. Seedling emergence of the oats occurred
approximately 30 days after planting. Spring peas showed severe damage to the
hypocotyl region before emergence. This was an extreme event that resulted in reduced
emergence and growth of spring pea plants. As a result, the spring pea was generally
replaced by wild buckwheat plants. Wild buckwheat production was highest in the spring
pea monoculture (2660 kg ha-1 ± 570), with reduced amounts were oats was present.
When analyzed with a regression analysis with the dependent variable as the
percent of total production that was weeds and the independent variable as percent total
production that was oat, a moderately strong relationship was detected (R2 = 0.72, P <
0.01) indicating that when a higher percentage of the total production comes from oats
there is a lower likelihood of excessive weed production (Fig. 4). The highest percentages
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of weed production in the total production were observed in the spring pea monocultures.
The lowest weed percentage of total biomass was observed in the 100% oat mixture.
Forage Quality
Crude protein concentration differed by seeding rate treatment at the HPAL (P <
0.01) and WCREC (P < 0.01) locations (Table 2). The greatest CP concentration at
HPAL (192 g kg-1) and WCREC (197 g kg-1) was produced by the spring pea
monoculture. At the HPAL site, all seeding rate treatments that included a mixture of oats
and spring peas did not differ in CP concentration (Table 2). Additionally, the oats
monoculture at HPAL was not significantly different than any of the oats and spring pea
mixtures, potentially because of the lower biomass yield, which resulted in elevated CP.
Mixtures at the WCREC site followed the expected pattern of CP concentration
decline with the CP concentration decreasing as the proportion of spring pea in the forage
mixture decreased (Table 2). The CP concentration for the spring pea monoculture was at
least 19% greater than any oat-spring pea mixtures and approximately 137% greater than
the oat monoculture at this site. At WCREC, the 25% and 50% oat mixture were similar
in CP concentration, but they were different than all other seeding treatments.
The LINC-2017 site (P = 0.03) displayed differences in CP concentration, but no
differences were detected at the LINC-2018 site (P = 0.84). At LINC-2017, the mixtures
displayed a downward shift in CP concentration as the spring pea portion of the mixture
decreased, but it was not as strong as what was observed at the WCREC site. At the
LINC-2017 site, no differences were detected between the pea monoculture (201 g kg-1)
and the 25% oat mixture (184 g kg-1) for CP concentration.
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Crude protein yield differed at the WCREC (P < 0.01) site, but not at the HPAL
location (P = 0.39) (Table 2). At WCREC, the 50% oat mixture produced the largest
amount of crude protein, but was only significantly different (P < 0.01) than the oat
monoculture. Each oat-spring pea mixture produced at least a 60% higher CP yield than
the oat monoculture.
Crude protein yield differed by seeding treatment for LINC-2017 (P = 0.04) and
LINC-2018 (P < 0.01) (Table 2). For LINC-2017, the pea monoculture produced the
greatest amount of CP yield, while the oat monoculture produced the least. The oat
monoculture CP yield was similar to the 75% oat mixture (P = 0.13), but significantly
less than all other treatments. At the LINC-2018 site, the 75% oat mixture produced the
greatest crude protein yield and the spring pea monoculture produced the least CP yield.
At the LINC-2018 site, the spring pea monoculture and the 25% oat mixture were similar
in CP yield.
Total digestible nutrient concentration did not differ (P > 0.10) among seeding
treatments at all of the study sites (Table 2). However, TDN yield differed among the
seeding rates at the HPAL (P < 0.01), WCREC (P < 0.01), and LINC-2018 (P < 0.01)
sites. No differences were detected for TDN yield at the LINC-2017 (P = 0.60) site
(Table 2). At HPAL, the greatest TDN yield came from the oat monoculture, but yield
was only significantly different than the spring pea monoculture. The oat monoculture at
the HPAL site produced approximately 49% more available TDN than the pea
monoculture. At WCREC, the 75% oat mixture was significantly greater than the 25%
oat mixture and the spring pea monoculture.
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At the LINC-2018 site, the 75% oat mixture had the highest TDN yield, but was
not statistically different (P = 0.99) than the oat monoculture. The pea monoculture had
the lowest TDN yield and was statistically different than all other treatments. The 75%
oat mixture yielded approximately 173% more TDN than the pea monoculture.
Forage Cost
Seed cost for spring peas ($0.86 per kg) was greater than seed costs for oats
($0.57 per kg). As a result, the most expensive seed cost treatment was the spring pea
monoculture and the oat monoculture was the cheapest (Table 3). The oats monoculture
in year 1 at LINC had the cheapest seed cost per ton of DM out of all locations. The most
expensive seed cost per ton of DM was the spring pea monoculture at HPAL.
At the HPAL site, the least expensive seed cost per ton of CP and TDN yield was
from the oat monoculture while the pea monoculture was the most expensive (Table 3).
Because of the lower production and higher seed cost, the seed cost for the pea
monoculture was 72% more than the oat monoculture to produce a ton of CP at HPAL.
At WCREC, the greater CP concentration and relatively high production of the 50% oat
mixture produced the cheapest seed cost per ton of CP yield, while the lower CP
concentration in the oat monoculture created a scenario where this treatment was the
most expensive for the seed costs per ton of CP yield. At WCREC, seed costs for a ton of
CP yield from the oat monoculture cost about 55% more than seed costs for a ton of CP
from the 50% oat mixture, while it cost 21% more at LINC-2017. All sites followed a
similar pattern for TDN yield with the spring pea monoculture being the most expensive
seed cost per ton TDN yield and the oat monoculture being the cheapest. In year two at
LINC, the spring pea monoculture had the greatest seed cost per ton of CP and TDN
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yield of all 3 locations, but this was due to the reduced production of the spring peas due
to the extreme cold temperatures.
Discussion
As expected, forage production varied based on production environment due to
the variation in precipitation. Typically, production increased as the precipitation
increased, with lower forage production in western Nebraska and greater forage
production in eastern Nebraska. The variation between the seeding rate treatments at the
different locations suggests that CP may be affected by forage yield and stage of maturity
at harvest due to precipitation and growing temperatures and not just the mixture ratio.
Differences in growing conditions may not alter TDN concentrations, but may be a factor
for altering TDN yield through differences in total biomass produced.
Across all locations within our study the oat monoculture was always one of the
top producers of biomass and was never significantly out produced by an oat-spring pea
mixture. Our results agree with those of both Han et al., (2013) and Kocer and Albayrak,
(2012) who found that interseeding field peas with oats, annual ryegrass, or barley did not
produce greater DM yields than that of a properly fertilized grass monoculture. Erol et
al., (2009) found that mixtures of oat and common vetch were also unable to significantly
out produce a pure stand of oats. However, our study did not attempt to explain situations
with low nitrogen soils, where legume monocultures and cereal-legume mixtures may out
produce inadequately fertilized small grain cereal monocultures (Carr et al., 2004).
Erol et al., (2009) observed reduced CP concentrations with reduced legumes in a
study using oats and vetch mixtures. Adding at least 20 kg of spring peas to 59 kg of oats
increased CP concentrations at WCREC and LINC in year 1. However, adding spring
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peas had no effect on CP concentration at HPAL. Many studies have shown legumes
increased CP concentrations when intercropped with cereal forages (Carr et al., 2004;
Han et al., 2013; Kocer and Albayrak, 2012). At WCREC and year 1 in LINC, CP
concentration declined as the spring pea was reduced in the mixture. This was the
expected result for including legumes in mixtures with small grain forages to increase
forage CP concentration.
HPAL had lower biomass production compared to the other sites and no
differences were detected for CP concentration between the oat-spring pea mixtures and
the oat monoculture. The low biomass production of the oats in the lower rainfall
environment may have maintained forge quality traits (i.e., crude protein concentrations)
resulting in no detected differences outside of the pea monoculture. Fearon et al., (1990)
found that as biomass increased with forage maturity the CP content tended to decline.
Even though all sites were harvested at similar maturity stages, differences in total
biomass produced among the 3 locations occurred.
Cover crops have been shown to control weeds, but the competitive advantage
depends on the stand density to competitively reduce weed pressure (Teasdale, 1996). At
LINC in year 2, we observed that as the oats production increased, there was less wild
buckwheat biomass. These results agree with those of Petrosino et al., (2015) who found
that when fall-sown cover crop biomass increased, kochia (Kochia scoparia) biomass
decreased. Weed production not only reduced forage production at LINC in year 2, but it
also appeared to affected forage quality. The CP concentrations were less variable across
seeding rate treatments because weed material was represented in the forage quality
analysis.
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Based on these results, oats were superior to spring peas for maximum forage
production. We speculate that small grain cereals may be a better option for forage
production than legumes similar to spring peas. However, this will depend on the seed
cost and production environment. The small grains are capable of producing large
biomass yields with adequate forage quality for many classes of livestock (Anil et al.,
1998; Juskiw et al. 2000). This appears more likely in areas with reduced precipitation,
such as HPAL, where the oats monoculture was the most cost-effective seed cost per ton
of CP, TDN, and DM produced. Nevertheless, spring peas can increase forage CP
concentration, but with increased seed cost. Adding the spring peas may be a benefit in
areas with higher precipitation. At WCREC and year 1 in LINC, the 50% oat mixture
produced the cheapest seed cost per ton of CP yield, but not the cheapest seed cost per
DM.
Nutrient requirements will vary for cattle throughout their lifecycle because of
age, weight, reproductive stage, and even environmental conditions (Bauman and Currie,
1980; Cox-O’Neill et al., 2017; Lalman and Richards, 2017). Drewnoski et al., (2018)
indicated that grazing cover crops with cattle for an economic benefit has potential.
Knowing livestock forage needs may aid in seed mix selection and may also save a
producer money if nutritional requirements can be meet with simple mixtures or even
monocultures.
Conclusion
Including spring pea with oats to increase forage quantity and quality varied
across location. The oats monoculture was never significantly out produced by any
mixture or spring pea monoculture at any location. The added seed cost from including
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spring peas in the mixture may not provide added production. In dryer environments,
adding spring peas to oats did not increase the forage CP concentration. The positive
effect of increased CP concentration from adding spring peas may be better suited for
higher rainfall environments or under irrigated forage production, similar to those of
WCREC and LINC. Adding spring peas to oats did not increase the TDN concentration
across locations. Producer goals and objectives for the forage being grown may aid in the
decision to grow an oat-spring pea mixture or an oat monoculture.
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TABLES & FIGURES

Figure 1. Study site locations at the UNL High Plains Ag Lab (HPAL), West Central Research and
Extension Center (WCREC), and on the UNL East Campus (LINC) with long term annual precipitation in
Nebraska
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Figure 2. Oats, spring peas, and total forage production (kg ha-1) at High Plains Ag Lab (HPAL) and West
Central Research and Extension Center (WCREC) sites. Different letters represent differences at each site
at P < 0.05
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Figure 3. Oats, spring peas, and total forage production (kg ha-1) at the UNL East Campus (LINC) site for
2017 and 2018.
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Figure 4. Regression analysis of the percent weed material found in the total production as the dependent
variable and percent of the total production that was oat as the independent variable at the UNL East
Campus (LINC-2018) site in 2018
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Table 1. Planting/harvest dates, March-June precipitation, March-June mean temperature, March-June
growing degree days (GDD), last freeze dates, and long-term means at the UNL High Plains Ag Lab
(HPAL), West Central research and Extension Center (WCREC), and UNL East Campus (LINC) sites
(http://climod.unl.edu/)
Study Site

Planting
Date

Harvest
Date

March-June
Precipitation
(mm)

March-June Mean
Temp (°C)

March-June
GDD

Last Freeze Date

6-Apr
5-Apr

19-Jun
22-Jun

183.4
263.7

12.1
11.4

1158
1450

24-May
27-Apr

217.2

10.8

197.61
336.6

13.2
12.7

254.5

11.6

477.8
366.8

14.8
14.5

337.3

13.7

HPAL

1

2017
2018
Long-term
mean
WCREC
2017
2018
Long-term
mean
LINC
2017
2018
Long-term
mean

6-Apr
30-Mar

27-Mar
23-Mar

19-Jun
22-Jun

7-Jun
6-Jun

16-May
1439
1665

24-May
28-Apr
10-May

1394
1390

27-Apr
28-Apr
26-Apr

84 mm of irrigation was added to the March through June precipitation for a total of 281.4 mm
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Table 2. Comparison of crude protein concentration, crude protein yield, total digestible nutrient
concentration, and total digestible nutrient yield of oat pea mixtures planted at varying seeding rates at the
High Plains Ag Lab (HPAL), West Central Research and Extension Center (WCREC), and UNL East
Campus (LINC) sites
Seeding Rate Treatments (kg ha-1)
Oat
Oat
Oat
20#
39.5#
59#
Pea
Pea
Pea
59#
39.5#
20#

Oat
0#
Pea
79#

Study
Location

Oat
79#
Pea
0#

SE

P-Value

2

<0.01
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0.39

HPAL

1

CP
Concentration
CP Yield
TDN
Concentration
TDN Yield
WCREC
CP
Concentration
CP Yield
TDN
Concentration
TDN Yield
LINC – 2017
CP
Concentration
CP Yield
TDN
Concentration
TDN Yield
LINC – 20182
CP
Concentration
CP Yield
TDN
Concentration
TDN Yield

g kg
kg ha

-1

192

A
1

459

161

B

551

152

B

503

B

453

616
1499

B

2129

A

2051

A

1932

A

2233

g kg

197

A

166

B

156

B

121

C

918

A

863

A

1006

A

831

A

g kg

583

551

kg ha-1

2745

C

g kg

201

kg ha-1

1621

580

557

2873

BC

A

184

A

1481

571

565

3482

AB

AB

146

BC

A

1397

A

3853

B

527

g kg

kg ha

589

138

kg ha-1

-1

596

139

4

0.10

A 315

<0.01

83

D

<0.01

519

B 146

569

1
1

<0.01
0.23

A

3589

A 318

<0.01

140

BC

110

C

0.03

1243

AB

925

B 132

2

0.04

g kg

495

514

492

513

499

2

0.86

kg ha-1

3989

4156

4806

4678

4313

466

0.60

g kg

195

174

189

194

190

1

0.84

86

<0.01

2

0.99

kg ha

-1

g kg
kg ha

-1

335

B

625
1068

489

B

633
C

1789

721

A

636
B

2416

906

A

627
AB

2913

884
626

A

2909

A

A 250

<0.01

(A, B, C, D) Different letters within a row represent significant (P < 0.05) differences between the seeding
rates
2
Weed material present in the 2018 quality analysis at the LINC site
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Table 3. Cost comparison of seed costs per ton of dry matter (DM) yield, crude protein (CP) yield, and total
digestible nutrient (TDN) yield at the High Plains Ag Lab (HPAL), West Central Research and Extension
Center (WCREC), and UNL East Campus (LINC) sites
Oat 0#
Pea 79#

Study Location

1

HPAL
Seed cost per ha
Cost per ton of CP
Cost per ton of TDN
Cost per ton of DM
WCREC
Seed cost per ha
Cost per ton of CP
Cost per ton of TDN
Cost per ton of DM
LINC – 2017
Seed cost per ha
Cost per ton of CP
Cost per ton of TDN
Cost per ton of DM
LINC – 20181
Seed cost per ha
Cost per ton of CP
Cost per ton of TDN
Cost per ton of DM

Seeding Rate Treatments (kg ha-1)
Oat 20#
Oat 39.5#
Oat 59#
Pea 59#
Pea 39.5#
Pea 20#

Oat 79#
Pea 0#

$

67.78
134
41.02
25.51

62.06
102.16
26.44
16.47

56.49
101.91
24.98
14.91

50.91
102.02
23.90
13.73

45.19
77.82
18.36
10.27

$

67.78
66.96
22.39
13.10

62.06
65.20
19.59
10.81

56.49
50.91
14.71
8.19

50.91
55.55
11.98
6.79

45.19
79.05
11.42
6.52

$

67.78
37.92
15.41
7.62

62.06
38.01
13.54
6.96

56.49
36.68
10.66
5.16

50.91
37.15
9.87
5.05

45.19
44.30
9.50
4.68

$

67.78
183.52
57.56
14.07

62.06
115.11
31.46
12.27

56.49
71.06
21.21
9.38

50.91
50.96
15.85
8.12

45.19
46.36
14.09
7.33

Seperate cost analysis were done for the two years at the LINC site because of weed pressure affecting
forage quantity and quality
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CHAPTER 3
ON-FARM ANALYSIS OF THE INCORPORATION OF ANNUAL FORAGES INTO
CROPPING SYSTEMS THROUGHOUT NEBRASKA
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Abstract
Cover crops and annual forages have increased in popularity and now play a large role
for the integration of crop and livestock systems throughout the United States. Private
ranchers and landowners that make up the Nebraska Grazing Lands Coalition (NGLC)
received a grant through the Nebraska Environmental Trust to evaluate the efficacy of
incorporating annual forages within integrated crop-livestock systems. The objective of
the study was to better understand the value of annual forages, how farmers effectively
implement annual forages, and potential problems a producer might face when
incorporating annual forages within established cropping systems. The NGLC
collaborated with the University of Nebraska-Lincoln (UNL) to collect data during the
three-year, multi-location study from 2016 through 2018. The study followed the
implementation and management of different forage mixtures at seven farms throughout
Nebraska. Numerous cool-season and warm-season annual forage mixtures were used at
the farms and were based on different farm goals and objectives. Information gathered
from the producers during the study included management considerations for reasons
producers used annual forages, how these forage mixtures fit into their production
systems, and challenges they faced with implementation. We also collected information
on seed cost, irrigation and fertilizer management, quantity and quality of forage
produced by functional plant grouping, and the actual number of grazing days provided
by the annual forages mixtures. Collaborations with livestock producers were key to the
project and provided practical experience and knowledge that was shared through field
days at the participating farms. Over 350 people participated in these on-farm field days
throughout the 3-year project. This study was not meant to compare the output among the
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participating farms, but to provide greater on-farm information on annual forage
management and use. One of the overarching results of the study was that warm-season
grass species (e.g., sorghum, pearl millet, grazing corn) provided a bulk of the forage
produced when present in mixtures. Other species in these mixtures typically provided
minor contributions to the available forage. Alone, this markedly increased the seed cost
per ton of dry matter for specific plant functional groups. A majority of the collaborating
producers felt that grazing annual forages and cover crops was a feasible way to have an
economic return for their operation, but this is dependent upon the mixtures biomass
production.
Introduction
Cover crops have evolved over time to become more than just a tool used to keep
the soil covered and reduce erosion (Blanco-Canqui et al., 2015). Today, producers
utilize these crops within established cropping rotations for weed suppression, soil
property enhancement, forage for livestock, and a variety of other purposes
(Franzluebbers and Stuedemann, 2015; Gardner and Faulkner, 1991; Lal et al., 1991).
When cover crops are grown and utilized as forage for livestock they are aptly termed
“annual forages” as opposed to “cover crops”. Even though these crops are utilized as
forage they may still offer many of the benefits of a cover crop as long as enough
biomass remains post grazing (Blanco-Canqui et al., 2015). One positive benefit of an
annual forage as opposed to a cover crop is the potential economic return that can be
gained by using the biomass produced as forage for livestock (Titlow et al., 2014).
When growing annual forages, biomass production for hay or grazing from the
species within the forage mixture is important to ensure an economic return on
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investment. There are many species used as cover crops and annual forages, but all are
not equal in their abilities to produce forage (Blanco-Canqui et al., 2015). Grass species
tend to be well suited for forage production because they are capable of producing large
amounts of biomass along with being a relatively good source of energy and protein for
ruminant diets (Anil et al., 1998; Juskiw et al., 2000). Legume and brassica species are
also used for forage production, but these species are often utilized for their higher forage
nutritive traits, especially crude protein (Lauriault and Kirksey, 2004).
Many studies have evaluated mixtures and monocultures for forage production.
Generally, the results are inconsistent and depend primarily on the species used in the
forage mixtures (Anderson, 2016; Kocer and Albayrak, 2012; Smith et al., 2014). When
comparing the benefits of forage production within mixtures and monocultures, the terms
“over yielding” and “transgressive over yielding” have been proposed as measurers of
production (Schmid et al., 2008). Over yielding describes mixtures that produce greater
biomass than the average biomass production of all the monocultures of species present
within the mix. Transgressive over yielding describes mixtures that produce greater
biomass than the total biomass produced by the best yielding monoculture. For our
purpose, the latter better represents true production since it characterizes the mixture or
monoculture capable of producing the greatest amount of forage biomass (Schmid et al.,
2008).
Some producers may be hesitant about utilizing cover crops on their operation for
a variety of reasons including economics, lack of water resources, and potential loss of
production and income from the influence of cover crops or annual forages on subsequent
cash crops (Snapp et al., 2005; Holman et al., 2018). Survey data suggests that Nebraska
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farmers plant cover crops to produce forage and to improve their soil health including
increased soil organic matter, reduced erosion, enhanced soil water holding capacity, and
increased microbial biomass in the soil (Drewnoski et al., 2018). Little work has
evaluated the implementation of annual forages into “real world” systems at production
scales. The Nebraska Grazing Lands Coalition (NGLC) and the University of Nebraska –
Lincoln (UNL) developed this study to evaluate the use of annual forages at multiple
locations in Nebraska. The overall objective of the study was to better understand the
value of annual forages, how farmers effectively implement annual forages, and potential
problems a producer might face when incorporating annual forages within established
cropping systems.
Materials & Methods
This project was funded by a grant from the Nebraska Environmental Trust to
evaluate and promote the use of annual forages within integrated crop-livestock systems
throughout Nebraska to supply forage and produce other environmental benefits. This
three-year study took place from 2016 to 2018 on 7 separate farm operations (Fig. 1). As
part of the project, landowners were compensated for forage seed costs during each year
of the study. Each landowner had management control over the crop rotation, planting
date, fertilization, irrigation, and harvesting of the forage, all of which was at the
landowner’s expense.
Green Cover Seed (Bladen, NE) worked closely with each landowner to develop
annual forage mixtures that were expected to best meet the specific objectives at each
operation. For example, specific objectives of the farms included forage production for
grazing, building soil health, reducing input costs, providing weed control, and to keeping
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the soil covered. Thus, seed mixtures were not identical for the different farm locations
(Fig. 1). A clear distinction between the farms became apparent as the data were
evaluated for forage production. Farms 1 through 4 were considered high forage
production farms and utilized more warm-season grasses with high yielding potential,
such as brown-midrib (bmr) sorghum (Sorghum bicolor) and grazing corn (Zea mays)
(Table 1). Farms 5 through 7 were considered low forage production farms and typically
used more brassica species and cool-season grasses (Table 1). However, farm 5 (2018)
utilized a bmr sorghum while farm 7 (2016) used pearl millet (Pennisetum glaucum) in
two years of the study. As expected, the different management practices, seed mixtures,
and locations led to a wide range of responses from the different farms (Table 2).
As part of the agreement for enrollment in the project, landowners allowed data
collection on their operations in each year. At each location, biomass production and
forage quality data were collected in the field. Forage biomass production was collected
by clipping all forage to ground level from inside 10 to 20, 0.25m2 quadrats per location
throughout the field prior to livestock grazing. Forage was separated in the field into
plant functional groups (i.e., grasses, brassicas, legumes, and other) to determine percent
contribution to the total biomass produced. For farms 1 through 4, brassicas were
combined with the “other” category because of low production in the mixtures. In
contrast, brassicas for farms 5 through 7 was reported as “brassicas” and separate from
the “other” category. After separation, forage samples were oven-dried at 60°C for at
least 48 hours and weighed. Sub-samples from each functional group were analyzed
using wet chemistry analysis for crude protein (CP) and total digestible nutrients (TDN)
by Ward Labs (Kearney, NE).
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Additionally, landowners reported on their management through a questionnaire
with a variety of questions used to obtain data regarding the use of annual forages on
these operations, the class of livestock grazed, and the number of grazing days. After
grazing occurred in each year, questionnaires were sent to the landowners to collect
qualitative and quantitative data associated with the project. Questions included key
management dates (i.e., planting date and harvest date), type of forage harvest, landowner
views on the success of the annual forage, and potential problems associated with the
management of the annual forages.
Because of the wide variety of differences in management between farms, data
were not compared between the farms, but the data were reported to highlight on-farm
results that may or may not support research conducted in more controlled environments.
Planting date data were analyzed using simple linear regression to evaluate relationships
between planting date and total production. Seed cost per ton of forage DM was
calculated by functional group. Seed cost of each functional group, on a per hectare basis,
was divided by the kilograms of biomass produced per hectare from the specified
functional group. The price per kilogram per hectare of biomass produced was then
multiplied by 907 kg (907kg = 1 ton) to obtain the cost of a ton of DM per functional
group.
Harvest efficiency was calculated to estimate the amount of biomass harvested
through grazing and how much potentially remained within the field. Animal unit
equivalents (AUE) were determined by animal weight (454 kg = 1 AUE) (Meehan et al.,
2018). Total AUE was determined by multiplying the AUE per animal by the number of
animals grazing. The total AUE was then multiplied by the portion of a 30-day month
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that was grazed to determine total animal unit months (AUM) harvested (Meehan et al.,
2018). To estimate harvest efficiencies, 308 kg of DM forage was considered the forage
allowance per AUM (MacDonald and Klopfenstein, 2004). Total AUM was multiplied
by 308 kg and then divided by the number of hectares within the field to estimate kg
harvested per ha. Harvested biomass per hectare was then subtracted from the total
production per hectare to estimate remaining biomass. Harvest efficiency was calculated
by dividing the harvested material per ha by the total biomass produced per ha.
Results
Biomass Production
The high producing farms averaged 10937 ± 4635 kg ha-1 of forage, while the low
producing farms averaged 2873 ± 2059 kg ha-1. On average, the high producing farms
(i.e., 1 through 4) produced approximately 280% more biomass than the low production
farms (i.e., 5 through 7). The top producing farm (i.e., Farm-1 2017) utilized a 14-species
mixture, but received nearly all of the biomass (i.e., 96%) from the grass functional group
(i.e., bmr sorghum, grazing corn, and oats) (Fig. 2). The lowest producing farm (i.e.,
Farm-5 2016) was limited in the species they could use in their mixture because of
herbicide restrictions from applications to the previous corn crop. Farm 5 (2016) also had
limited production as a result of a late planting date (9 Sep. 16) (Fig. 2).
Even with different seed mixtures it was evident that when a warm-season grass
species was included in the seed mix it tended to be the greatest producer of biomass
(Fig. 2). Grass production from bmr sorghum, grazing corn, millet, oats, and rye for
farms 1 through 4 accounted for approximately 93% of the average total production (Fig.
2). The brassica/other production made up 4% of the average total production followed
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by legume production with 3%. Farm 1 (2017) produced approximately 72% more forage
than the average total production across all high production farms. Farm 3 (2016) was the
lowest producer out of the high production farms with grass producing only 52% of the
forage followed by the brassica/other (28%) and legume (20%) components.
Grass production at the lower production farms (5 through 7) accounted for
approximately 66% of the average total production while brassicas accounted for 34%
when included in the mixture (Fig. 2). Other biomass made up 3% of the average total
production when used. Farm 5 (2018) was the only farm from locations 5 through 7 that
utilized a legume component and it made up 3% of the farms total production. Farm 7
(2017 A) had the lowest percent production from grass (33%) while all other low
production farms had at least 50% of their total biomass produced by grasses.
Forage Quality
Forage quality was variable across farm and year (Table 3 & Table 4, Fig. 3 &
Fig. 4). When averaged across the high production locations, the brassica/other (Other)
(156 ± 5 g kg) component had the highest CP concentration followed by the legume (125
± 3 g kg) and grass components (96 ± 3 g kg) (Fig 3). The brassica/other (Other) (609 ± 8
g kg) component also had the highest TDN concentration followed by the grass (576 ± 2
g kg) and legume (529 ± 5 g kg) components (Fig. 4). For the low production farms, the
grass (148 ± 7 g kg) component had the lowest CP concentration and the legume (205 g
kg) had the highest (Fig. 3). For the low production farms, legumes were only used in one
mixture. For TDN concentrations, brassicas (760 ± 6 g kg) had the highest concentrations
while other (679 ± 6 g kg) averaged the lowest across the two samples submitted for
quality analysis (Fig 4).
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Annual Forage Management
Differing management practices such as planting date, fertilizing, and irrigation
appeared to alter forage production at the different locations (Fig. 2 & Table 2). A
negative relationship was observed between planting date and total plant biomass,
suggesting that a driving factor in total production was the date when the forage was
planted regardless of farm location and other variables (Fig. 1 & Fig. 2). At the high
production farms the earliest planting occurred 20-Jun-18 (Farm-3 2018) and out
produced the latest planting (early August) of farm 2 (2016) by approximately 103%
(Fig. 2 & Fig. 5). Farm 5 (2016) was planted the latest (9-Sep-16) out of all locations and
had the lowest production of all farms. The earliest planting at the low production farms
occurred in early June at farm 7 (2016), which out produced farm 5 (2016) by
approximately 775% (Fig. 2 & Fig. 5). Other management factors and the species within
the seed mix may have also affected biomass production (Table 1 & Table 2).
Fertilizing is another management option that may have influenced forage
production at the different locations. All farms within the study applied some type of
fertilizer to their annual forage crop in at least one year of the study (Table 2). Farms 1
and 2 did not apply fertilizer in year one of the study, but did in year two and saw an 80%
and 124% increase in biomass production, respectively (Fig. 2). It is important to note
that both plantings occurred earlier the second year and there were differences in the seed
mix and irrigation (Table 1 & Table 2). Similarly, farm 7 did not directly apply fertilizer
to the annual forage the first year (2016), but did fertilize in year two (2017). Farm 7
(2016) produced 159% more forage than farm 7 (2017 A) and 377% more than farm 7
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(2017 B) (Fig. 2). It is important to note that the annual forages were planted latter in the
year in year two of the study (Table 2).
Irrigation of the annual forages was also variable throughout the project across
location and year (Table 2). Farm 2 was the only location that was completely rainfed,
but it was in the eastern part of the state where higher rainfall occurs (Fig. 1). The lowest
amount of irrigation came from farm 5 (2016), but it was also the latest planted annual
forage of the project. Farm 7 (2016) applied the highest amount of irrigation throughout
the entire project and it was the earliest planted forage of the project. Farm 1 (2016) was
the only farm that had the potential to irrigate, but did not apply any water through
irrigation to the annual forage so it was considered rainfed (Table 2).
Grazing Management
All of the annual forages were harvested by grazing cattle (Table 2). Farm 6
(2017 A & 2017 B) was the only farm that did not graze the annual forage so it acted
solely as a cover crop. No grazing occurred because the producer did not have cattle
available at the time they initially planned to graze. The most common practice among
producers was to graze the annual forage along with access to another feed source (i.e.
cornstalks or grass). Strip grazing was also a common practice used. Different classes of
cattle were used to graze the annual forages at the different farms. Many of the producers
were utilizing their annual forage to stockpile forage for late fall and winter grazing, but
farm 7 (2016) did utilize the annual forage for late summer grazing.
Harvest efficiency was examined at three farms because livestock weights prior to
grazing were known, which aided in AUE and AUM calculations, and grazing occurred
only on the forage without access to other forage resources (Table 5). Of the farms where

60
harvest efficiency was estimated, farm 1 (2017) had the lowest harvest efficiency while
farm 6 (2016) had the highest (Table 5). It was evident that harvest efficiencies may be
variable between farm and even year. Of the locations with estimated harvest efficiencies,
not a single farm removed more than 45% of the available biomass, which means at least
55% of biomass produced per hectare potentially remained within the field as trampled or
standing biomass, thus likely providing other functional benefits by providing cover to
the fields.
Seed Cost
Generally, seed cost increased as the number of species within the seed mix
increased. Seed cost ranged from $46.93 per ha (Farm-2 2018) to $118.68 per ha (Farm-2
2016) for the high production farms and from $27.54 per ha (Farm-7 2016) to 107.59 per
ha (Farm-5 2018) for the low production farms. Average total seed cost per ton of DM
was $8.09 for the high production farms (Table 6 & Fig. 6). Averaged across the high
production locations, grasses had the lowest seed cost per ton of DM ($4.13), while the
brassica/other component was the highest seed cost per ton of DM ($91.15). The low
production farms average total seed cost per ton of DM was $33.18, which is
approximately $25.09 more than the high production farms (Table 7 & Fig. 6). Averaged
across farms 5 through 7 the other ($8.34) component produced the lowest seed cost per
ton of DM, brassicas averaged $24.97, and the grass averaged $33.27 seed cost per ton of
DM. Legume was the most expensive component ($273.38), but it was only used in one
seed mixture across farms 5 through 7.
Discussion
Implementation & Challenges
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This project demonstrated that annual forages can be utilized throughout
Nebraska in a variety of crop-livestock systems. Other research has demonstrated the
potential benefits of annual forages in cropping systems within the Great Plains, but call
for more long-term studies (Entz et al., 2002; Holman et al., 2018). Many producers were
able to produce substantial biomass when planting annual forages after a harvested crop
in the same growing season. Juskiw et al., (2000) indicated forage can be produced
within the shorter growing seasons experienced in the northern prairies.
Producers utilize adaptive management techniques and often need to consider a
variety of variables when implementing annual forages on their operation (Drewnoski et
al., 2018). When asked why they used annual forages one producer wrote, “falling grain
prices, need for more forage, build soil health, and reduce input costs”. Other producers
reported on things they learned throughout the process of implementing annual forages
into their operations. For example, when asked if the producer was pleased with
production, the producer wrote, “Not this year, I did not irrigate enough. I should have
applied fertilizer like I have done in the past”. Another producer altered management
techniques from the prior year to make less trips through the field and to get the annual
forage planted earlier.
A variety of challenges were faced when implementing forages into these systems
including late forage planting dates (e.g., late harvest of the previous crop), previous
herbicide use restricted some forage species, weed pressure, and having cattle available at
the correct times for grazing. For example, farm 5 (2016) could only plant a mixture of
flax and black oats because of herbicide restrictions used on the prior corn crop. Delayed
harvesting of the corn resulted in a late planting date and minimal forage production.
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When asked what they could do better in year two of the project, the producer wrote,
“coordinate with tenant concerning use of chemicals”. Drewnoski et al., (2018) suggested
the formation of partnerships between crop and livestock producers would help assess
and overcome challenges associated with utilizing cover crops as forage.
Functional Groups
The warm-season grass functional group tended to be the greatest producer of
biomass when included in the seed mixture. Blanco-Canqui et al., (2015) suggested that
different species can provide better results depending on the objectives of the annual
forages. This was apparent from our data that if biomass for grazing animals was the
defined objective, then warm-season annuals such as bmr sorghum, grazing corn, and
pearl millet were the most important species. Only one of our farms (Farm 7-2017A) had
greater biomass from a functional plant group (brassicas) that was not grass. The grass
functional groups had the lowest average CP concentrations at the high (96 g kg) and low
(148 g kg) production farms out of all functional groups. However, our results agree with
Anil et al., (1998) and Juskiw et al., (2000) that grasses are good choices for forage
production because of their potential biomass production.
Additionally, depending on kind and class of livestock grazed, the grasses
provided a relatively good source of protein that may have met the nutrient requirements
for the grazing animals. Legumes and brassicas tended to have higher forage quality
values, which may make them beneficial for increased forage quality within a mixture
(Chapko et al., 1991; Dordas et al., 2012; Erol et al., 2009; Han et al., 2013; Hodgson,
1956; Kocer and Albayrak, 2012; Lauriault and Kirksey, 2004). However, because of the
limited production of the legumes, brassica, and “other” species it is unclear if enough

63
additional nutrients would be added to the mix by including these species. For example,
Kocer and Albayrak, (2012) found that oats monocultures had lower crude protein
concentration than pea-small grain mixtures within their study, but the oat monocultures
had similar crude protein yields to that of the highest yielding pea-small grain mixture
because of elevated production from the oats monoculture. In contrast, Erol et al., (2009)
reported that oats monocultures had one of the lowest crude protein concentrations and
crude protein yields when compared to different oats-vetch mixtures. Pflueger et al.,
(2019) (see previous chapter) indicated that precipitation differences, because of the
environment in which oats-spring pea forage mixtures were grown, may also affect
forage CP concentrations and CP yields.
While production of legumes and “other” species was relatively low, especially in
the high production farms, there may be other benefits these cover crops provide rather
than forage (Blanco-Canqui, 2013). For example, Wratten et al., (2012) indicated that
legume and brassica species within cover crops may benefit pollinators because of their
temporary flowering. Chen and Weil, (2010) indicated that brassicas may be beneficial
because they are usually tap rooted species that can potentially break through compacted
soils. Soil health benefits may also be provided by nitrogen fixing legumes, but this is
tied directly to the amount of above ground biomass they are able to produce (Fujita et
al., 1992).
Mixture Versus Monoculture
Within our study, only one farm (Farm-2 2018) planted an annual forage
monoculture (bmr sorghum) (Fig. 1 & Table. 1). Legume, brassica, and “other”
components offered little production (typically significantly less than 400 kg ha-1) at the
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high production sites, possibly because they were outcompeted for resources by the
grasses. Anderson, (2016) indicated canopy architecture was important when trying to
reduce competition, which may aid in elevated biomass production of less competitive
species. After planting into a previously hayed sorghum field, one producer wrote, “2nd
planting into sorghum sudan was shaded out by the sorghum regrowth”.
Seed Cost for Production
Many of the producers that took part in this project felt that utilizing annual
forages on their operation economically benefited them or that they were able to break
even, which agrees with other research that has analyzed the use of annual forages
(Drewnoski et al., 2018; Holman et al., 2018; Titlow et al., 2014). One producer in our
study wrote, “I have grazed cattle behind wheat with cover crops for several years. Most
economical way to winter calves”. Averaged across the high production locations,
grasses had the lowest seed cost per ton of DM while the brassica/other component was
the most expensive. At the low production farms the “other” component was cheapest
followed by brassica, grass and then legume as the most expensive. The “other”
component had the lowest seed cost per ton of DM. However, at two of the farms no
growth was recorded in the clipping estimates even though “other” species were planted
suggesting that there was no growth for the species planted.
Forage production and quality results can be variable and the economics behind
return on investment are important to producers when deciding on forage species
(Lauriault and Kirksey, 2004). Our results suggest that monitoring should take place to
ensure that all species planted are providing adequate production to justify their inclusion
in a seed mixture. Many times, simple mixtures may be just as effective at meeting the
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objectives of the producer at lower seed costs. Results of Finney and Kaye (2017)
indicated that more species present within a mixture does not mean that the mixture will
be better at performing multiple ecosystem services compared to a productive
monoculture.
Grazing Management
A variety of grazing techniques and times of grazing were used across the farms
in this study, which displays the versatility of annual forages and differences in
management practices. Annual forages can be stockpiled for later use or can also be
grazed as an alternative forage source while resting other forage sources during the
growing season (i.e., native pasture) (Titlow et al., 2012). When grazing annual forages,
harvest efficiencies were typically low on the farms where estimates were taken (< 45%
harvest efficiency). This suggests that a majority of the biomass is either trampled or left
standing in the field following grazing. Windrow grazing or haying may increase the
efficiency of plant material that is harvested (Gilley et al., 1996). However, the remaining
plant material may provide sufficient soil cover post grazing to maintain the potential
benefits of the annual forage as a cover crop (Blanco-Canqui et al., 2015; Nielsen et al.,
2015).
Conclusion
Our project demonstrated a variety of options for utilizing annual forages within
integrated crop-livestock systems across the state of Nebraska. There are a wide variety
of species, both warm- and cool-season, available to producers, which allows for the
utilization of these forages at different times throughout the year. Planting date and
species present in the seed mixture were key factors that influenced annual forage
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biomass. Early planting dates allowed for greater forage production compared to later
planting dates because plants had more time for growth before cooling temperatures
limited growth. When given sufficient time for growth, warm-season grasses present
within mixtures typically produce the greatest amount of biomass and may limit
production from other functional groups. As with any crop, fertilizer and irrigation may
be necessary to enhance forage production depending on the situation and the overall
need for forage produced. Implementing annual forages into established cropping
systems can be challenging, but having a precise time line with specific objectives for the
annual forage will aid in the incorporation of annual forage crops within crop and
livestock systems.
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Figure 1. Farm location and long term annual precipitation across Nebraska
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Figure 2. Annual forage production separated by functional group for farms 1 through 7 at different
Nebraska locations
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Figure 3. Crude protein concentration by functional group for high production (Farms 1 through 4) and low
production (Farms 5 through 7) farms
*Brassicas included with other for farms 1 through 4
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Figure 4. Total digestible nutrient concentration by functional group for high production (Farms 1 through
4) and low production (Farms 5 through 7) farms
*Brassicas included with other for farms 1 through 4
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Figure 5. Regression analysis with the total production as the dependent variable and the day of the year
that the forage was planted as the independent variable for high production (Farms 1 through 4) and low
production (Farms 5 through 7) farms
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Figure 6. Seed cost per ton of dry matter by functional group for high production (Farms 1 through 4) and
low production (Farms 5 through 7) farms

Table 1. Annual forage species included in mixtures for study farms 1 through 7 at multiple locations throughout Nebraska
Grass

1

Farm
#
1
1
2
2
2
3
3
4
5
5
6
6
6
7
7
7

Year
2016
2017
2016
2017
2018
2016
2018
2016
2016
2018
2016
2017
2017
2016
2017
2017

# of
Species
9
14
10
9
1
11
8
8
2
9
6
6
6
4
2
2

bmr
Sorghum
X4
X
X
X
X
X
X

Grazing
Corn
X
X

Oats

Brassica

Millet

2

Rye

Barley

Triticale

X
X

X

X

X

3

Nitro
Radish
X
X
X

X
X
X
X

X
X

1

Collards

Mustard

Rapeseed

X
X

X

X
X

X

Purple Top
Turnip

Kale

X
X
X
X

X

X
X
X
X
X

X

X
X
X

X
X
X
X

X
X
X
X

X
X
X
X
X

X
X
X
X
X
X
X

X

Spring and black oats included
2
Pearl and proso millet included
3
Spring and winter triticale included
4
X represents the species presence in mixture
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Table 1. Annual forage species included in mixtures for study farms 1 through 7 at multiple locations throughout Nebraska (Continued)

1
2

Farm #
1
1
2
2
2
3
3
4
5
5
6
6
6
7
7
7

Year
2016
2017
2016
2017
2018
2016
2018
2016
2016
2018
2016
2017
2017
2016
2017
2017

# of Species
9
14
10
9
1
11
8
8
2
9
6
6
6
4
2
2

Sunn Hemp
X2
X

Peas1
X
X
X
X
X
X

Legume
Mung Bean

Vetch

X

X

X
X

Soybean

Sunflower
X
X
X
X

Okra
X
X
X

X

X
X
X

X
X
X

X

Other
Squash
X
X
X
X

Buckwheat
X
X
X

Flax

X
X

X
X

X

X
X
X
X

Spring peas and cowpeas included
X represents the species presence in mixture
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Table 2. Annual forage management practices for farms 1 through 4 and 5 through 7 across different years
Management Practices
Irrigation (Inches)
Livestock Class
Rainfed
13 (1st calf heifers) & 127 (weaned calves)
st
3.0
10 (1 calf heifers) & 120 (weaned calves)
Rainfed
65 (cows) & 58 (calves)
Rainfed
65 (cows) & 58 (calves)
Rainfed
128 (pairs)
3.0
200 (yearlings)
1.5
125 (cows) & 16 (pairs)
6.0
234 (pairs)

Farm
1
1
2
2
2
3
3
4

Year
2016
2017
2016
2017
2018
2016
2018
2016

# of Species
9
14
10
9
1
11
8
8

Previous Crop
Wheat
Wheat
Annual Forage
Annual Forage
Annual Forage
Field Pea
Annual Forage
Oat/Pea Hay

Planting Date
20-Jul-16
10-Jul-17
Early August 2016
7-Jul-17
21-Jun-18
Late July 2016
20-Jun-18
Mid July 2016

Fertilized
No
Yes
No
Yes
Yes
Yes
No
Yes

5
5
6

2016
2018
2016
2017
A
2017 B
2016
2017
A
2017 B

2
9
6

Corn
Hay Millet
Wheat

9-Sep-16
16-Aug-18
Mid July 2016

No
Yes
Manure

0.8
1.7
4.1

197 (calving cows)
N/A
293 (steers)

Supplemented Feed
N/A
Grazed Half Pivot at a time

6

Grazing Corn

15-Aug-17

No

2.5

No Livestock

No Grazing

6
4

Sorghum
Rye

15-Aug-17
Early June 2016

No
No

2.5
8.0

No Livestock
615 (calves)

No Grazing
Grazed with Grass

2

Wheat

3-Jul-17

Yes

5.0

658 (dry cows)

Grazed with Cornstalks

2

Wheat

10-Aug-17

Yes

3.0

6
6
7
7
7

Grazing Practices
Strip Grazed
Strip Grazed
Grazed with Grass
Grazed with Grass
Strip Grazed
Grazed Entire Field
Grazed with Cornstalks
Grazed Entire Field
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Table 3. Crude protein and total digestible nutrient concentrations by functional group for farms 1 through 4
Grass

1

Farm
1
1
2
2
2
3
3
4

Year
2016
2017
2016
2017
2018
2016
2018
2016

# of Species
9
14
10
9
1
11
8
8

CP
63
108
149
64
77
126
80
99

TDN
609
552
599
576
579
551
557
586

Concentrations (g kg)
Legume
CP
TDN
97
556
126
429
123
572
78
516
N/A2
N/A
187
502
129
550
134
578

Brassica/Other1
CP
TDN
108
590
196
596
171
673
218
685
N/A
N/A
198
643
893
457
109
617

Brassica and other material were analyzed together for the forage quality analysis
N/A means that the functional group was not present in the seed mixture
3
Brassica component was present in the seed mix, but not clipped
2
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Table 4. Crude protein and total digestible nutrient concentrations by functional group for farms 5 through 7
Grass

1
2

Farm
5
5
6
6
6
7
7
7

Year
2016
2018
2016
2017 A
2017 B
2016
2017 A
2017 B

# of Species
2
9
6
6
6
4
2
2

CP
178
123
236
200
210
63
87
90

TDN
643
807
688
741
778
573
682
788

CP
N/A1
205
N/A
N/A
N/A
N/A
N/A
N/A

Concentrations (g kg)
Legume
Brassica
TDN
CP
TDN
N/A
N/A
N/A
737
147
836
N/A
281
725
N/A
302
757
N/A
277
776
N/A
110
668
N/A
80
745
N/A
108
814

Other
CP
TDN
N/A
N/A
None2
None
174
721
226
636
None
None
N/A
N/A
N/A
N/A
N/A
N/A

N/A means that the functional group was not present in the seed mixture
None means that the component was present in the seed mixture, but was not observed during sampling
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Table 5. Estimated total biomass, harvested animal unit months (AUM), grazed biomass, remaining biomass and harvest efficiency for select study farms

1

Farm #

Year

Hectares

1

2016

30

1

2017

34

4

2016

49

6

2016

26

Livestock Utilized
13 (1st calf heifers) &
127 (weaned calves)
10 (1st calf heifers) &
120 (weaned calves)
234 ( cow-calf pairs)
194 (steers) plus
another 99 (steers) later

AUM Harvested

1

Total Biomass Produced

2

kg ha-1
Grazed Biomass3

Remaining Biomass4

Harvest Efficiency5

377

10424

3871

6553

37%

348

18806

3153

15653

17%

247

8285

1553

6732

19%

129

3717

1528

2189

41%

Calculated by dividing the total animal equivalent units harvested by the portion of a 30-day month that the animals grazed
Calculated from the clipped quadrats
3
Estimated by multiplying total AUM harvested by 308 kg (308 kg of DM is required per AUM) divided by total hectares
4
Calculated by subtracting estimation of grazed biomass form total biomass produced
5
Calculated by dividing the grazed biomass by the total biomass produced
2
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Table 6. Cost comparison of seed costs per ton of dry matter by functional group for farms 1 through 4

1

Farm
1
1
2
2
2
3
3
4

Year
2016
2017
2016
2017
2018
2016
2018
2016

# of Species
9
14
10
9
1
11
8
8

Total
5.18
4.15
16.93
4.55
3.49
18.04
5.31
7.07

Grass
2.51
1.59
5.60
2.07
3.49
11.25
3.07
3.45

Seed Cost per DM Ton ($)
Legume
47.30
61.58
132.83
48.88
N/A1
17.91
29.81
150.78

Brassica & Other
15.50
49.44
310.04
147.62
N/A
23.38
78.10
13.98

N/A means that the functional group was not present in the seed mixture
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Table 7. Cost comparison of seed costs per ton of dry matter by functional group for farms 5 through 7

1
2

Farm
5
5
6
6
6
7
7
7

Year
2016
2018
2016
2017
2017
2016
2017
2017

# of Species
2
9
6
6
6
4
2
2

Total
66.63
84.73
14.80
14.55
26.37
3.49
11.77
43.11

Grass
62.25
92.20
13.08
12.31
27.06
1.78
17.76
39.71

Seed Cost per DM Ton ($)
Legume
Brassica
N/A1
N/A
273.38
25.04
N/A
21.35
N/A
32.26
N/A
23.47
N/A
6.12
N/A
8.83
N/A
57.71

Other
N/A
None2
12.05
4.63
None
N/A
N/A
N/A

N/A means that the functional group was not present in the seed mixture
None means that the component was present in the seed mixture, but was never clipped during sampling
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